Septoember 28, 1992

U.8. Nuclear Regulatury Commise »n
ATIN:  Document Control Desk
Washington, D.C., 208555

Gentlemen;
In the Matter of ) Docket Nos. 50-327
Teanessee Valley Authority ) 5L-328

SEQUOYAH NUCLEAR PLANT (SQN) - ADDITIONAL HYDROGEN RULE (10 CFR 50.44)
ANALYSES (TA( ROO356 AND RO0357)

References: 1, TVA letter to NRC dated January 29, 1988, "Additional
Hydrogen Rule Analyses Submittal®
2, TYA letier to NRC dated February 19, 1987, "Additional
Hydrogen Rule Analyses Submittal™

ty Reterence 2, TVA committed to obtain and review reports submitted by
Duke FPower Company to NRC on additional hydrogen analyses that were being
performed and determine their applicability teo SQN. By Reference 1, TVA
indicated that the commitment dates of Reference 2 could not be met
because of the unavailability of the Duke submittals, restated the
necessity for these reporvts to complete TVA's commitments, and that the
commitment due dates would follow the Duke effort., The Duke effort for
Catawba Nuclear Plan* was described in detail in Attachment 1 of a letter
from Duke to NRU dated April 25, 1986, which i+ :contained in Enclosure 1
to this submittal, Duke completed this effort and provided the results
to TVA on March 10, 1992. Houwever, this report has not beon submitted to
NRC on the Catawba docket.

Reference 2 committed TVA to perform evaluations on applicability of this
Duke effort for the hydrogen rule to SON and to perform an analysis on
issues not addressed by this effort. 7TVA has completed these
, ~evaluations, and the results are provided in Enclosure 2, The four
(420(; 7 ipgradc.«l core sequences selected by Duke for the Catawba analyeis are
acceptable as the dominant sequences for hydrogen generation. The
| individua' plant evaluation (IPE) for SQN also ideuntifies these same
sequences as the dominant sequences for hydrogen generation during
degraded core accidents, The SQN IPE was performed in accordance with
Generic Letter 88-20 and eubmitted to NRC by letter dated

feptember 1, 1992, ¢
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U.S. Nuclear Regulatory Commission
Page 2
september 28, 1992

TVA considere the analytical agsunmptions and parameters associated with
the Catawba Station to be applicable to SQN for equipment survivability
after a degraded core sccident and confirms acceptance of the Catawba
analysis for applicability to SON.

The results of the Catawba analysis, in combination with the original SQN
specific analyses, meet the re ilrements of the hydrogen rule

(10 CFR 50,44), and TVA considers all associated commitments to be
complete based on this submittal.

Pleape direct questions concerning this issue to K. O, Weller at
(615) B43-T7527,

Sincerely,

y g '

' *,v,./.j-‘) L} !l;s LA™

{;'L. Wilson

Fnclogures

ce (Enclosures)!
Mr. D. E. LaBarge, Project Manager
U.S§, Nuc.ear Regulatory Commission
One White Flint, North
11555 Hockville Pike
Rockville, Maryland 20852

NRB{ Resident Inspector
Sequoyah Nuclear Plant

2600 Igou Ferry Road

Soddy Daisy, Tennessee 37379

Mr. B. A. Wilson, Project Chief
U.,8. Nuclear Regulatory Commission
Region I1I

101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30323




ENCLOSURE 1

Orxr POWER CGompany
PO, BOX 080
CHARLOTTE, ¥.C. SAR 48
NAL B, TUOKER
VI raes et
LR PROMATT YO

April 25, 1986

Mr. Harold R. Denton, Directo’
Office of Nuelaar Reactor Regulation
U, §. Nuclear "egulatory Commission
Washington, D, €. 20555

Atteution: Mr. B. J. Youngblood, Preject Director
PWR Project Directorste No. 4

Re! atawba Nyclear Station
Docket' Nos. 50-413 and %0-414
McGuire Nuclear Stationm
Docket Nos, 50+369 and 50<170

Degr S1ir:

On April 8, 1986, representatives from Duke Power Company and the NRC Staff
met at the NRC's offices in Bethesda, Maryland to discuss hydrogen comtrol
mesgures at Cacawba and MeGuire. As a followup to that meeting, Duke las
prepared a plan for resolution of concerns on equipmant survivabilicy
(Attachment 1) and on fana and do-ra (Attachment 2). A schedule for
resolution of these outstanding issues is also izcluded (& the respective
attachments,

Vli'y truly vours,

W, /‘I tﬁ :
Hal 3, Tucker
ROS:8ld

Attaciments

xet Dr, J. Nelsua Grace, Regiomal Administrator
U, 8, Nuclear Rogulatory Commission
Region 11
101 Marietta Streec, NW, Suite 2900
Atlanta, Georgia 30323

Mr, W. 1. Orders
NRC Residant Inspector
MeGuire Nuclear Statiom

NRC Resident Inspector
Catawba Nuclear Station
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ATTACHMENT 1

PLAN FUR RESOLUTION OF CONCERNE ON BQUIPMENT SURVIVABILITY

Purpose and Summary Description

The purpose of this document is to describe a proposed plan for
the revolution of the issue of equipment aurvivability during
deliberate ignition of hydrogen in the containment at Catawba.
The plan consists of three parts as follows:

1. Evaluation of the hydrogen and steas releases to contalnment
for an appropriate selection of accident sequences which lead to
large releases of hydrogen inte concainment. The selection of

accident sequences and the method of analysis Is describad below.

2. Using the reesults of the first part of the plan as input,
evaluation of the response of the containment and its associated
systems to the accident sequences, and a determination of the
pressure and temperature .n contalnment as a function of time.
The specific method of performing this analysis, and the major
assumptions and parameters to be uscd, are described below.

3. Using the results from the fiis{ Iwo parte of the plan,
determination of the response of equ.ipment in containment to
hydrogen burning and evaluation of its survivability. The steps
in this past of the plan include selection of the equipment to be
analyvzed, determining the appropriate medels for the analysis,
comparison of results from the analysis with equipme'®
qualification test data and hydrogen burn survivebilivy tests
performed under the sponsorship of NRC and EPRI, and assessing
the nargin associated with the equipment response.

Detalled discussion of each part of the plan follows,

Analysis of Accident Sequences

The first step in this par: ¢’ the plan is the selection of the
specific accident sequences to be analyzed., A spectrum uf
accidents wequences that envelope the range of hydrogen anc steam
relesase rates will be studied. Since steam flow through the core
is the limiting facter for cladding eoxidaticn, primary system
pressure is the parameter of importance dua to its effect on
steam availabili'y. Therefcre the following sequences will be
analyzed;

S1D (l-v primary eystem pressure)

lel



ititerasediate primary aystem pressure
nigh primary systeam pressure

A & result of NRC staff concerns about segquences linvolving ECC
faliure in the recirculation mode, S2¥ will also De Investigated
These acclident suguences envelope the DOSsiD.ie | DAry systenm
pressure conditions under which hydrogen could deve.open

he primary systex, the release rates cof that < jen to
ontainment, And sditions in contalnment at ) ime of

hydrogen reiease dach sequence of events wil tersinated by
resusption ¢f BCCS prior to excesalive re pslting, consistent
th previcus analyses of degraded core hydrogen generation

Analysis of these accident sequences wWi.. De performed using MAAF
2.¢ nis code was developed by IDCOR and its contractors in
srder to assess the progress of degraded core events, The
specific assumptions to be used are to De based on the best
estimate models in MAAP which meet with NRC staff approval as a
result of thelr ongoing review In addition, the total amount of
hydrogen to be considered for each sequelce will be that produced
15% m/w resction of the clad or the maxiaum amount which can
he generated by adjusting the time of resuaption of BCCS flow,
without employing non-mechanistic assusptions or extrapolations
4 rder to force the rslease rate to be egquivalent to 738 m/w.
rhe $20 accident sequence will be extrapolated to 75§ m/w i
necessary, in orde» to meet thes requirement of the hydrogen rule
that the ef! veness of the system bde shown for hydrogen
reLJcases ujp of the clad exidized

-
.

f the MAAP anal will be time histories of
eneryy releases for hydrogen ané steam .into th
1t These time Nl sries will be “ompared to those
rgported in Refarences Nt 2 to ensure that they a:
representative of calculations performed using MARCH

mnent Response 1

deveral possipilities have Deen onsicered for
~ontainment analysis portion of the p.*n The
ssocliated with CLASIX would make ana.ysis using
Xpensive In our containment code deve.opment
ii1fied CONTEMPT4L-MCDS by & g better models I« & ice
ndenser fces bed and OIS but deficlenciles iI ) \yarogen
irn models would require more ¢ +welopaent. For th ‘easons I
been determined that the ¢ ** ecode would represent the Dest
;¢ contalnment analys.i Action has been taken to obtaln
from the Naticnal Energy Scfrtware Center Following
eipt and installatien of HECTR i* will be examined to ensure
at the {ce condenser model 1 ¢ excessively conservat.ve
sncern over the ice bed model is prompted Dy the work
rted n Reference whereln I ved 1 toNMt appears




ran peraticon baseq o begt e8” ‘nate analys
will be assumed that both trains O. sprays
automatically at the proper time and opera
accident The fan performance will be based
‘ urves derived from test data Spray perforna:
ot FSAR values for injection andg reulation
Ad senseitvity ana.ysis response < 0 ontainment
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lated f the cas f a single




4 Filame spead & dDetter measure oOf paramster
burnout time, the time it takes for h
lately in a compart t The fol n urneut t
for ontainment compartaents

burning

SRpartment 10 seconcs
(anium and ice bed 8 seconds
« 7 second . increased
giscuswe n on a ncent
wit! e
seconds
10 seconds

-

Heat transfer co icients for contalnaent heat sinks and

sment in conta “aent - as reported in Reference 3, with a
ificat. o the ice heat transfer coefficlent te
letary correlations used in LOTIC and CLASIX

nser drain temperature - 150F, as ugsed in early
s, based on Westinghouse test data, for the
rranslent when ice melt rate is significant
{1l be adiusted downward in the cases where
sery low at the time of the hydragen

eximple reported Iin
rence
resultis of the ntainment analyses will
partment tures and indicatlion of
rring n each compartaont

F . . ~ d - - e
v ification for the selection of hyar

ameters for the bases case

SUen OUrn parase Ess eie Lased On ATUR]
burning experiments carried out under th
the i:e condenser owners, and EPRI These

es at Factory Mutrual curex, Sandl (VAES and

ion (NTS It is recognized that none of these
experiments duplicates < inment c¢c ons during an accident
exactly and t! some nt sust be applied in order to
establish pa: ters “}. nalysis based on these experinentis
| However i 4 he t 'a available and its use in this
regard le consd t 4 hest eatimate nature of the
anavs.s to

wer >apartaent F ) vant is obtained from
experiments in s an induced d : present Tne
sources of tu \C n e » compar?t 1t will De the [ .iOW
the alr retus fans coming . ou enings between the
wer rainment and the dead enc e caents and the

g .ragse of stean and gasse fros 4 lBArY system
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ccure consistently At
less than 6X hi ‘vogen by volume under wese conditions. Of
particular inte:;est &re tests P-3, P-6', and P-7 from the NTS
series in v oh hydrogen at &X concentration or leses was ignited
n the rresence of sateam gquantities representative of those found
n the lower compartmsnt during ' 4rogen rele.se. These tests
so indicate flame gpeeds in t! ange of I feet/second which
anslates based on compartaent ;¢ setry to a burn time In the
lower atainsent of 10 se2conds. The actual burncut time .n the
lower .ontainment will be longe: “han this due 'o Zhe congested
arrangement of equipmant and the downward propagation of the
flames

[t is noted from experiment tha” ignition
. -

Q
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C
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Plenak - the various experiments show that dry mixtures, as
be expected at the cutlet of the ice cundenser ce bed

would be ignited at 5-6X hydrogen. Theo use of LS in the «nalysis
vaflects the uncertainty over the preseunce of a fog in the flow
sut of the ice h-4., Anelysis performed by Westinghouse for
MeGuire (Reference 6) and tests 3.3 and 3.4 from Acurex confirm
rhac mixtures of 8% hydrogen will ignite In the presence of fog.
Plame spesed s bascd or NTS tests P-4, p~5, and P-13' whereln

vppe
WO L

O

ipward propagetion goes at 4-8 feet/second, This gives a
compartaant burp” “* time or 1 seconds based on igniter or.. ‘ng
and compartment atry. mis ig ~onsidered conservatiy
because t e NTS (8 wera fOFr upsi ropagation and pro, tion
in the ice cendenwer i8 predor i atr.y Jdownward and horizon
Jpper c-upartaent - tia upper comyw® - 4Nt parameters are based on
4 \ 9 of NTS experiments P-7 and ®-22 In which pixtures of
o8 an 5.5% hydrogen were casily ignirable 'nd burned quizk.
in the presence of fans and spray The burn tins was
snesrvaively extrapolated from test P-22 to be 10 seconds
the gr thiy is considered to be much farter than an actual “urn
would takae in the upper compartmen: due to the larger voluw+ over
the ANTS vesse' (a r‘actor greater than 30) and the | "edominay
fownwerd propagation Ten smconds is also consistent with the

gpray droplet [«4ll time which has tradirionally beun used for

L4

ipper compartment analysis

ead Ended Compa-tments - conditions in s T

smpartments are such like thcose of the lower cowpartament, with
24 induced turbulence due to the alr return fans, but at lov. T
oncentrations of steam in the atmospher Ign.tion
~ancentration is selacted at 6% hydrogen, bdut the flame speed and

longer due to the decreased turbulence (no
n dead ended compartments; and the lar=er

4
- .

burnout tiays are
lowdown soureed

velume to igniter ratio (igniters are not as slosely spu.ed

These arsumptions are expected tC Le of no consegqnence to thc

ana'vsia because nrevious experience sLOws that hydrogen does not

purn in the dead ended compartments

|

Wdhere the analysis appears to be particularly sens. lve O the
selection of parameters, and where there 21§ netification from
experiment of thsory that alternative parimeters are poss.o.e




sensitivity studies vill be performed. Guidance for such
sensitivity studies will be based on that given in References !
and 3. Of interesat is the case ¢f continuous hydrogen burning in
the lower compartment because of results seen in certaln of tre
NTS dynamic injectiorn tests. The —onditions under which such
continuous burning might occur in containament will be evaluated
by comparison to the parameters used in the NTS tests. If it
appears appropriate for the ice condensar cchitainment conditions,
continuous burning will be considered in the evaluation of
equipment survivabllity in lower containment.

Certaln additions] models not previocusly employed in the CLASIX
analysis reported in Recerence 4 will also be used this time.
Work by Westinghouse has confirmed the abllity cf the ice
sndenser dArain flow to act as a lower coaspartment spray,
desuperheating the atmosphere and condensing steam. Because [
the consequences of the condensation of cteam (increasing the
hydrogen concentration) of lowering the temperatuve (less severs
environments for lower compartaent equipment survivability),
this msodel will be included in the containment analysis done for
hydrogen burning if NRC etaff approval for that mcisl has been
obtained. In addition, in order to minimize the differential
pressure developed between the upper and lower compartuents if
upper compartsent burning is shown by analysis to occur, the
containment analysis will include specific wmodels for the bypasas
paths retween upper and lower containment. Theee paths include
the refuel/ng canal drains and the ice condenser door bipass
areas, including the ice condenser dralns.

Establishment of Bquipment Survivability

The firat step in the process of establishing egquipaent
survivability is to determine the specific equipme..” required to
survive hydrogen burn events. The basic requirement is that
eqiipment to maintain the unit in safe shutdown, to me .tor the
progress of the event, and to saintain coatainment integrity mus?t
be operab.e fullowing hydrogen burning. This selection process
has been performed for Catswba and the results reported in
Reference 4, We plan to continue using this list,

There are two possible approaches to detarmine equipnent
survivability analytically., The first approach is to mode] the
squipment “f interest (n the containament analysis code as heat
ginks and cetermine the temperature response ol the equipment
directly., Due to the unsophisticated nature of the heat sink
models '~ HECTR (one dimension slabs only), it would be neceseary
to modify the code tc {' 'lude the proper models. This approach
will be investigated du.ing the performance of the work contained
in this plan and will be used If it proves to be feasible. Our
analysis would be similar to that tried by Sandia and reported in

L=&



Reference %, but with the elimination of ercess conser-atism and
inappropriate assumptions.

An alternative apyroach tc the analyeis of the equipment
temperature response is to repeat the method used in Reference 4
in which the equipment is sodcled aw a seriess of coupled
differential equations based on conductive, convective, and
radiative heat transfer relationahips. These eguation~ are solved
using a general purpose differential equation solver. This
approech will be used {f the direct mechod described above proves
infeasi{ble.

Following the delwrmination ol the tem, -ature reaponse ~* the
equipasnt, a coamparison will be made with the equipnent
gqualification temperature in a manner similar to that reported 1i-:
<eference 4. In additicn, the results of the extunsive ameunt of
actual testing of equipment performed nnder EFRI and NRC
sponsorship will be reviewed to determine its applicability and
c¢ited wharaver 1% ‘» :9levant.

Conclusion

Following completion of all analyses to be performed, appropriate
revisions to Reference 4 will be prepared and submitted to WRC.
It s expected that sections 4, 5, and 6 of Reference ¢ will be
substantially rewritten as a reeuv't of this work, The work will
include parsacters specific to both Mc iire and C=tawba and will
be applicatle to both stations.

Schedules

The work required to carry cut the plan is extensive. There are
ancertainties {n the proposal, such as the use of HECTR, which
make determination of exact durations diffieculs. The following
schedule is proposed:

September, 1386 - complete MAAP analysis of accide.t
Sequences. Complete (nstallaticn and checkout of MECTR, or
‘dentify and make operatiocnal the a.ternative method ot
containment analysis. Submit the results of the MAAP
analysis to NRC for approval.

December, 198€ - following staff approval of the MAAP
dlalysis, begin containment response calculations.

March, 1987 - complete containment response analysis,
submit resvlts to NRC for approval.



June, 1987 ~ following NRC approval of the containment
response analysis, begin equipment survivability analysis.

September, 1987 - complete equipment survivadbility analvsis
and submit to NRC for approval.

Deceuber 31, 1967 - following resclution of all comments,
prepare and submit appropriate revisions to Reference 4.

This schedule is consistent with the nature of the analysis
(being associated with bevond design basis events) and the
conflicting responsibilities of the principal analyests involved
in perforaiag the work.
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